The phosphatase activities of 114 micrococcal strains belonging to seven different species and of an additional 150 unspeciated micrococcal strains were evaluated on solid media at various pHs containing or not containing phosphates. In the presence of phosphates, only nine strains (five unspeciated strains, one Micrococcus luteus strain, and three Micrococcus varians strains) yielded a positive reaction on plates at pH 8. In media (at pH 8) deprived of phosphates, in contrast, all but 15 strains demonstrated clear-cut phosphatase activity. Acid phosphatase could not be evaluated on solid media since none of the strains grew satisfactorily on plates at pH 5. The phosphatase activities of seven (one or two for each species, which included phosphatase-negative strains) of the strains whose colonies proved phosphatase negative at pH 8 and of 18 (two or three strains per species) of those with phosphatase-positive colonies were evaluated at pH 5 and 8.5 in toluene-treated cells which had been grown in liquid media at pH 7 containing or not containing phosphates. All strains demonstrated distinct phosphatase activity at both pHs when grown in media not containing phosphates. In contrast, when strains were grown in the presence of such substances, virtually no activity was observed at pH 8.5, and, generally, a much reduced activity was observed at pH 5. The phosphatase activity of micrococci of the various species (three to eight strains per species) was also compared with that of staphylococci of different species (5 to 10 strains per species) by the methyl green-phenolphthalein diphosphate method, the sensitivity of which can be varied by using different enzyme substrates. By using phenolphthalein diphosphate as an enzyme substrate, it was found that virtually all the different species of staphylococci yielded a positive reaction on plates not containing phosphates while almost all micrococci proved phosphatase negative with the methyl green-phenolphthalein diphosphate method. This indicates that the phosphatase activity of micrococci can easily be differentiated from that of staphylococci.
deprived of phosphates, in contrast, all but 15 strains demonstrated clear-cut phosphatase activity. Acid phosphatase could not be evaluated on solid media since none of the strains grew satisfactorily on plates at pH 5. The phosphatase activities of seven (one or two for each species, which included phosphatase-negative strains) of the strains whose colonies proved phosphatase negative at pH 8 and of 18 (two or three strains per species) of those with phosphatase-positive colonies were evaluated at pH 5 and 8.5 in toluene-treated cells which had been grown in liquid media at pH 7 containing or not containing phosphates. All strains demonstrated distinct phosphatase activity at both pHs when grown in media not containing phosphates. In contrast, when strains were grown in the presence of such substances, virtually no activity was observed at pH 8.5, and, generally, a much reduced activity was observed at pH 5. The phosphatase activity of micrococci of the various species (three to eight strains per species) was also compared with that of staphylococci of different species (5 to 10 strains per species) by the methyl green-phenolphthalein diphosphate method, the sensitivity of which can be varied by using different enzyme substrates. By using phenolphthalein diphosphate as an enzyme substrate, it was found that virtually all the different species of staphylococci yielded a positive reaction on plates not containing phosphates while almost all micrococci proved phosphatase negative with the methyl green-phenolphthalein diphosphate method. This indicates that the phosphatase activity of micrococci can easily be differentiated from that of staphylococci.
Of the metabolic properties generally exploited for defining and characterizing the different bacterial species, such as enzyme activities and sugar fermentation, only a few have so far been identified in micrococci. This leaves us with relatively few tests that, particularly in some species (see reference 17), can be used for characterizing the various strains of the group. This is rather unfortunate since it makes micrococcal species definition and identification difficult, particularly with the standard type of assays generally performed in routine clinical microbiology. However, it is likely that further studies may lead to identification of additional metabolic properties that may prove useful for characterization of this bacterial group.
Phosphatase activity is a property often evaluated as a test for species definition and identification (3, 10, 12, 15, 48) . However, it has not yet been extensively analyzed for micrococci. From the few studies performed, it was concluded that micrococci do not have this property (3, 11, 16, 21, 31) . However, in studying the phosphatase activity of the major staphylococcal species, some of which had previously been reported to be positive for this feature but most of which had been reported to be negative (3, 16, 37) , we have recently shown that all staphylococcal species analyzed demonstrated phosphatase activity (40) . This was constitutive, however, in those species in which such activity had * Corresponding author. been recognized previously (Staphylococcus aureus, Staphylococcus epuikrrnidis, and Staphylococcus xyhsus), whereas in all the others (Staphyllococcus simulans, Staphykmcus saprophyticus, Staphylococcus capitis, Staphylococcus homink, Staphylococcus cohnii, and Staphylococcus haemotyticus) it was repressed by phosphates (40) .
In view of this and in view of the potential utility of discovering novel metabolic features of micrococci, we analyzed this property in more than 250 strains isolated from humans and belonging to all the major human species. We show here that all strains carried an alkaline phosphatase activity which, in virtually all of them, was suppressed by growth in the presence of phosphates. We also show that this enzyme activity can easily be differentiated from that of staphylococci.
MATERIALS AND METHODS
Bacterial strains and strain identification. A total of 264 strains were isolated from the skin of human volunteers by using a selective medium described elsewhere (5, 39).
All strains were routinely grown on plates of tryptose phosphate agar (Difco Laboratories, Detroit, Mich.), unless otherwise indicated, and were incubated at 37°C for 16 to 48 h.
Media for assaying phosphatase activity. (i) Basal medium. The basal medium contained (per liter of distilled water) 10 g of peptonum siccum (Costantino, Turin, Italy), 10 g of yeast extract, 10 g of Difco meat extract (Difco), 5 g of NaC1, and 2 g of glucose (medium Ma).
(ii) Media Ma5, Ma7, and Ma8. To prepare medium Ma5, Ma7, or Ma8, the basal medium was supplemented with 15 g of agar; melted; brought to pH 5, 7, or 8, respectively, by adding the required amount of NaOH from a 0.1 M sohtion; and sterilized.
(iii) Media MaSP, Ma7P, and Ma8P. In order to prepare medium MaSP, Ma7P, or Ma8P, before agar was added, the basal medium was supplemented with 2 g of a mixture of monobasic and dibasic sodium phosphate sufficient to bring the pH of the medium to 5, 7, or 8, respectively).
(iv) Ma media deprived of phosphates. Phosphates were removed as described elsewhere (30) . After all the constituents listed above were dissolved, in order to remove the inorganic phosphates, 10 ml of NH, per liter of medium was added and the mixture was kept for 1 h at 40°C in order to allow the phosphates to precipitate. Precipitates were removed by filtering through filter paper, and the medium was warmed for 20 min at 90°C in order to allow the residual NH, to evaporate. After this, if needed, 15 g of agar (Difco) per liter of medium was added and the pH was brought to 8 by the addition of HCl, in most cases, or NaOH (medium Mb8). In some cases, before agar was added, 3 g of a suitable mixture of monobasic and dibasic sodium phosphates was added to give pH 8 (medium Mb8P).
(v) Mc liquid media. In other experiments, after removal of precipitates by filtration and residual NH, by evaporation, no agar was added, the pH was brought to 7 by the addition of HCl from a 1 M solution, and the medium was sterilized and used as such (medium Mc7). Alternatively, after the medium was brought to pH 7,3 g of a mixture of monobasic and dibasic phosphates, suitable for maintaining pH 7, was added (medium Mc7P).
Identification of micrococci. Identification of micrococci at the genus level was performed by methods proposed by others (2, 38) and by some of us (36, 45) , while for identifying the micrococcal isolates the methods and scheme proposed by Kloos et al. (17) were adopted.
Determination of phosphatase activity of bacterial growth on agar plates. In order to assay phosphatase activity, to the above-mentioned media cooled to 45°C the stained phosphatase substrate paranitrophenyl phosphate (pNPP) (Sigma Chemical Co., St. Louis, Mo.) was added at a final concentration of 1 mg/ml from a sterile solution of 100 mg/ml. Three isolated colonies of each of the strains to be tested were taken with a loop and deposited on the surface of the assay plates. As a rule, no more than 10 different strains were inoculated on each plate (containing pNPP). After inoculation, the plates were incubated at 37°C and observed at various time intervals until microbial growth (or the surface area around it or both) presented distinct yellow staining, or for 72 h. Any clearly visible yellow staining of microbial growth (or of the plate surface around it) was taken to be a positive reaction.
In some experiments, bacterial growth phosphatase activity was also determined by the methyl green-phenolphthalein diphosphate (MGP) method previously described (31, 33, 34) . Briefly, to the melted media methyl green (Carlo Erba, Milan, Italy) and phenolphthalein diphosphate (Sigma), sterilized by filtration, were added at final concentrations of 25 and 1,000 mg/ml, respectively, from 100-fold-concentrated stock solutions.
Quantitative determination of the phosphatase activity of bacterial cells. The assay for quantitative determination of " The phosphatase activity of colonies was also assayed on plates of media at pH 5 (Ma5 and Ma5P). No bacterial growth was observed on these media, and phosphatase activity could not be evaluated. Ma5, Ma7, and Ma8 are media not supplemented with Pis. MaSP, Ma7P, and Ma8P are media supplemented with Pis.
the phosphatase activity of bacterial cells was basically performed as described by Pompei et al. (23) , the only difference being that bacteria were grown in medium Mc7 or Mc7P until the end of exponential growth and 10-ml samples from each were taken. Toluene-treated cells were suspended in 5 ml of either 20 mM acetate buffer (pH 5) or 20 mM Tris hydrochloride buffer (pH 8.5) to a concentration of 2 optical density units. To these toluene-treated cells pNPP was added, and the mixture was incubated for 2 h at 37°C.
RESULTS
Phosphatase activity of micrococcal colonies grown on media at different pHs containing different amounts of phosphates. The phosphatase activity of a total of 114 different micrococcal strains belonging to seven different species was first assayed on plates of media Ma and MaP at different pHs. Table 1 shows that most micrococcal strains demonstrated notable phosphatase activity. In strains of all species, such activity was always more frequent in medium Ma (not supplemented with Pis) and at pH 8. No strains grew in the media at pH 5.
After this, we assayed the phosphatase activities of the " Mb8 is a medium from which the phosphates were removed; Mb8P is medium Mb8 to which phosphates (0.3%) were added. The results are the means of three different assays. For descriptions of media, see of activity after growth in the presence of phosphates. In the assays performed at pH 5, all strains demonstrated some phosphatase activity; however, such activity was always lower than that observed at pH 8.5 and, although mostly reduced, was never fully suppressed by growth in the presence of phosphates. With the strains of some species, such as Micrococcus kristinae, no reduction of activity was observed after growth in the presence of phosphates, while, with strains of other species, such as Micrococcus nishinomiyaensis and Micrococcus roseus, the reduction observed was very slight. Finally, under the above-mentioned conditions, we also evaluated the phosphatase activity of seven strains which were negative in all test conditions based on solid media. Table 4 shows that, in this different assay, they all turned out to be less active than the other strains though they all showed some activity. In particular, one Micrococcus vanans, one M. nkhinomiyaensis, one M. roseus, and one M. kristinae strain was more active at the acidic than at the alkaline pH.
Comparative analysis of the phosphatase activity of micrococcal and staphylococcal colonies by the MGP and pNPP methods. A method for detecting phosphatase activity of bacterial colonies (MGP method) which can be prepared in formulations of different sensitivities has been previously described (23, 31, 34) . It was shown in particular that, with this method, phosphatase activity could be detected in all members of the family Enterobacteriaceae or only in the most active of them, depending on the phosphatase substrate used (23, 33, 41) . Since, with the assays in liquid media performed both with micrococci (this work) and with staphylococci (see references 31 and 40), we observed a stronger activity in the latter strains than in the former, we considered the possibility that this method might be capable of differentiating between micrococcal and staphylococcal phosphatase. Table 5 shows that this indeed was the case. In the medium supplemented with phosphates, a positive reaction was observed only in all strains of Staphylococcus aureus, Staphylococcus epidemidis, and Staphylococcus xylosus but in no other staphylococci and in none of the micrococci. In the medium deprived of phosphates, all strains of almost all staphylococcal species also yielded a positive reaction, The results are the means of three different assays. Mc7 is a liquid medium at pH 7 from which the phosphates were removed; Mc7P is medium Mc7 to which phosphates (0.3%) were added.
above-mentioned 114 strains and of an additional 150 strains (not identified at the species level) in a medium from which phosphates had been removed (medium Mb; see Materials and Methods) and in this medium supplemented with 0.3% phosphates (medium MbP), both at pH 8. Table 2 shows that almost all (94%) strains demonstrated phosphatase activity in the phosphate-deprived medium (MbS), while only very few (3%) demonstrated such activity when grown in the medium supplemented with phosphates (Mb8P). In the strains identified at the species level, all species except Micrococcus luteus contained at least one strain that yielded a negative reaction in the absence of phosphates.
Acidic and alkaline phosphatase activities of micrococcal cells grown in liquid media containing and not containing phosphates. A number of strains of each different species were grown in a liquid medium deprived of phosphates (medium Mc) at pH 7 and in the same medium supplemented with 0.3% Pis (medium McP). The phosphatase activity of the bacterial cells was then evaluated at pHs 5 and 8.5. Table  3 shows that, at pH 8.5, all strains demonstrated notable phosphatase activity when grown in the absence of phosphates. In contrast, they showed a very modest or virtually no activity when grown in the medium supplemented with phosphates. The only partial exceptions were the Micrococcus sedentanus strains which showed also a certain amount + (10) + (10)
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- ( while virtually all micrococci yielded a negative reaction in this medium. All strains of both staphylococci and micrococci, in contrast, appeared to be phosphatase positive when this activity was evaluated by a conventional method on plates deprived of phosphates but containing pNPP as the enzyme substrate.
DISCUSSION
This work has shown that micrococci of all major species carry an acidic and an alkaline phosphatase. Of the two enzymes, the alkaline one appears to be regulated and is clearly fully repressed by phosphates (although apparently not to the same extent in all species) in virtually all strains. Alkaline phosphatases regulated by phosphates have been previously described for several other bacterial species (4, 13,40,44). The acidic phosphatase was much less influenced by phosphates, although growth in their presence generally led to a clearly reduced apparent enzyme activity.
The demonstration that micrococci have a phosphatase activity is interesting because it leads to a better characteriization of the properties of this bacterial genus and because lit provides us with an additional means potentially capable of contributing to a more reliable differentiation and definition of this microbial group. Micrococci, in fact, do not show inany biochemical activities (with the exceptions of strains of a few species only) that can be easily detected, and the discovery of such a property suggests the possibility of developing a novel tool for identifymg different species. As has been shown for bacteriolytic enzymes of staphylococci (135, 46, 47), enterococci (25), andpseudumonads (32), it is possible that the phosphatase of micrococci may have properties that allow its differentiation from that of other microbial species. This possibility is supported by the fact that the phosphatase activity of micrococci is not detected by the MGP method, which suggests the possibility of exploiting this enzyme for differentiation of staphylococci from micrococci. The facts that specific inhibitors of a number of phosphatases have been described (6, 18, 19, 27 ) and that substrate specificity may be different in the different enzymes (8,29) suggest that methods capable of identifying the phosphatase of some species may be devised.
The differences in the phosphatase activities of staphylococci and micrococci demonstrated by the MGP method are very probably merely quantitative. However, we (24, 28) and others (42, 43) have analyzed the properties of phosphatases of members of the family Enterobacteriaceae both at the physiologic (24) and genetic (28, 42, 43 ) levels and have found strong similarities among strains of the same species and differences in others. This makes it likely that differences exist not only among phosphatases of staphylococci and micrococci but also among phosphatases of different micrococcal species. It seems possible that, by assaying the phosphatase activity of the various micrococcal species in media of different pHs or in media containing different substrates, differences in the enzyme activities of the various micrococcal species or in those of the different genera of the Micrucoccaceae family may be obsemed.
The phosphatase activity of micrococci has been assayed previously by others and was reported to be absent by all those performing such assays (3,11,16,21), including us (31, 45). The findings of this work, however, do not disprove these previous findings, since we have shown here that the growth medium drastically influences apparent phosphatase activity of micrococci. The phosphate contents of the media in which the micrococci were grown were not taken into account in the previous studies. It is very likely that the media employed contained an amount of phosphates sufficient for repressing the micrococcal enzyme. A similar possibility is strongly supported by the fact that, in our experiments, the phosphates contained in different types of commercial peptones (data not shown) caused repression of the phosphatase activity of most micrococcal strains, and the media used in previous works almost always contained commercial peptones. In contrast, the media in which we detected the phosphatase activity of micrococci were only those from which most of the phosphates contained in the peptone were removed.
We had previously demonstrated that among a total of more than 1,000 strains of the family Enterobacteriaceae belonging to more than 14 different species, the colonies of practically all the strains were phosphatase positive (33). Phosphatase activity has been demonstrated for many other microorganisms at very different stages of bacterial evolution, such as, for instance, mycoplasmas (9, 20), mycobacteria (1, 14) , anaerobes (26), yeasts (7), and algae (22). These enzymes might be present in all microorganisms, and analysis of the genes encoding them in different species might prove exclusively useful in studies of bacterial evolution and for establishing the degree of relatedness of various bacterial species.
